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A LIGAND CAPABLE OF BINDING TO THE ADENOSINE 
DEAMINASE BINDING- SITE OF CD26 

The invention relates to ligands such as modified 
5 versions of adenosine deaminase (ADA) for instance, or a 
monoclonal antibody or functional derivative thereof, 
capable of binding to the adenosine deaminase binding- site 
of CD26. Furthermore, the invention concerns the use of the 
ligands in various therapeutic and diagnostic applications 

10 and a hybridoma cell line which produces an antibody 
according to the invention. 

Apart from the classic T-cell receptor-CD3-complex 
(TCR-CD3), different other molecules appear to be involved 
in co -stimulation of the lymphocytes. CD26 is such a plasma 

15 membrane molecule. It is an activation marker, which means 
that its expression is increased on active T- cells. 

The enzyme adenosine deaminase (ADA) catalyses the 
irreversible deamination of adenosine and 2 1 deoxy- adenosine 
to inosine and 2 'deoxyinosine, respectively. An hereditary 

20 shortage of ADA-activity causes a serious weakening in the 
cellular and humoral immunity (1) . It is thought that the 
accumulation of toxic substrates and metabolites interferes 
with the T-cell activity and 

-proliferation. The mechanism is, however, not clear at 
25 present. 

ADA is widely spread in mammalian tissue where the 
highest levels are found in the thymus and other lymphoid 
tissues (2, 3) . Genetic polymorphism and post translational 
modifications generate different physiological forms of ADA 

30 (2, 4, 5). In humans, the ADA-activity occurs substantially 
in two groups of iso-enzymes ADA-S and ADA-L (6) . ADA-S is 
found in erythrocytes and consists of a single polypeptide 
with a molecular weight of between 36 and 44 kDa. The ADA-L- 
group of iso-enzymes, which are also called "tissue iso- 

35 enzymes" has a higher molecular weight and results from the 
interaction of the ADA- catalytic unit with a homodimeric 
glycoprotein of roughly 200 kDa. This glycoprotein , which 
is substantially membrane -bound, is called ADA binding 
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protein (ADAbp) or ADA complexing protein (ADAcp) . A native 
molecule of ADAbp binds two molecules of catalytic ADA. Up 
until now, no physiological role for ADAbp (7) has been 
determined. Dinjens et al. have shown that the membrane- 
5 bound ADAbp is not completely saturated with ADA-S. They 
suggest that due to its capability to bind ADA-S, the 
membrane bound ADAbp would regulate the circulation level of 
adenosine deaminase activity (7) . 

It has recently been shown that ADAbp from the 

10 human kidney is identical or analogous to the very specific 
ecto-enzyme dipeptidyl peptidase IV (DPP IV) (8) . The 
molecular and biochemical characteristics and the tissue 
distribution of ADAbp en DPP IV appear to be inseparable (7 , 
9) . Within the hematopoietic system, the DPP IV is, apart 

15 from this, identified as the membrane protein CD26 (10) and 
is substantially expressed on a subpopulation of T-cells. 

It is known that, amongst other things, CD26 is 
related to HIV- infection (25) . Furthermore the disappearance 
of CD26 expression is reproduced on malignant transformed 

20 melanocytes. Because CD26 is an activation marker, the CD26 
expression is also a measure for determining the extent of 
cell activation. 

It has now been found that ligands, which bind to 
CD26, such as ADA itself or modified versions thereof for 

25 example, and antibodies or derivatives thereof, can have an 
influence on the activity or expression of CD26 and can also 
form a diagnostic agent for determining the CD26 expression. 

Hence, for various diagnostic and therapeutic 
applications the provision of a ligand binding to CD26, such 

30 as for example a specific anti-CD26 antibody, is especially 
desirable. 

The present inventors, in order to achieve this, 
have produced amongst other things, a monoclonal antibody 
which is directed against the ADA binding site of CD26. The 
35 present invention is directed to every conceivable ligand 
that is directed to the ADA binding site of CD26. These 
ligands, for example antibodies, may be prepared and 
selected by methods well known to the skilled person. One 
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example of such a ligand is the monoclonal antibody anti- 
TA5.9, which is produced, for example, by hybridoma cell 
line anti-CD26- (TA5 .9-CC1-4C8) which was deposited on 4 
November 1993 at the European Collection of Animal Cell 
5 Cultures, Salisbury, GB, under the deposit accession number 
ECACC 93110419. 

It has specifically been found that the anti-TA5.9 
antibody according to the invention has various effects. 
However, it has to be understood that this specific antibody 

10 is only one embodiment of the invention illustrating its 
inventive concept. 

One of the effects is that a strong co- stimulation 
of T- lymphocytes activity via CD3 takes place in vitro . This 
applies for both CD4+ (helper) and the CD8+ (cytolytic) T- 

15 cells. It is a prerequisite that the cells express CD26 on 
their membrane. 

In the absence of soluble or immobilized anti- 
TA5.9 monoclonal antibody, a downmodulation of CD26 
expression occurs. This downmodulation is important for the 

20 co-stimulation via CD26. 

However, the membrane protein CD26 also functions 
as a co-receptor for the Hiv-virus. Downmodulation of CD26 
via anti-TA5.9 can appear to be useful here in order to 
prevent entrance of the virus into the target cell in vitro 

25 or jLn vivo. 

The anti-CD26 monoclonal antibodies, with 
specificity for the 5.9 epitope, cause an immunosuppression 
which is specific for the CD26+ subset of T-cells in vivo . 
Such an immunosuppression can be important after 

30 transplantations and with autoimmune diseases such as 
multiple sclerose, rheumatism, SLE etc. 

Another application of anti-TA5.9 according to the 
invention is found in diagnosis. Malignant transformed 
melanocytes loose the CD26 expression on their cell 

35 membrane. By means of anti-TA5.9 it is possible to trace the 
disappearance of CD26 and determine the number of malignant 
transformed melanocytes therewith. 
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Anti-TA5.9 may also be used in diverse immuno- 
enzymatic determinations. The soluble homodimeric CD26 can 
be determined in an ELISA. It is also possible to detect the 
CD26 by means of its own enzymatic activity. Serum, plasma, 
5 seminal fluid and tissue preparations can be used as 
samples . 

Anti-TA5.9 can be employed for determining ADA in 
biological fluids due to its ADA binding- site recognition 
characteristics . 

10 When anti-TA5.9 is labelled with an isotope or 

magnetic resonance label for example, it can be used in 
imaging- techniques, such as scintigraphy or MRI (Magnetic 
Resonance Imaging) . CD26 expression can be recognized in the 
body or in tissues with such techniques. 

15 The above mentioned effects of the anti-TA5.9 can 

of course also be achieved with other ligands binding CD26 
such as ADA itself or modified versions thereof. By 
modification one thinks of for example coupling to a 
secondary molecule selected from the group which consists of 

20 toxins, enzymes, medicines, radio active markers, 

fluorescent markers, magnetic resonance markers, proteases, 
synthetic and natural polymers. 

The invention comprises apart from ADA and anti- 
TA5.9, furthermore all the conceivable functional 

25 derivatives thereof. By "functional derivatives" is to be 
understood each of the molecules derived from the ligand 
comprising at least one binding- site with a specificity for 
the adenosine deaminase (ADA) binding-site of CD26. Such a 
derivative may be produced by means of recombinant DNA 

30 techniques, for example, or in any other suitable way. 

Examples of the derivatives of the monoclonal antibody are 
antibody fragments such as the F^-, F^,- or F (abJ2 - fragment 
which consists of the antigen binding parts of an 
immunoglobulin molecule, or the F v - or scF v - fragment, 

35 comprising the variable range of the immunoglobulin. The 

term "scF v " stands for the so called "single ' chain" antibody 
which consists of the variable parts of the heavy and light 
chains of the immunoglobulin molecule, which are coupled to 
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each other by means of a linker peptide which may or may not 
be synthetic. 

By the term "functional derivatives" are also 
understood the combination of at least the parts of the 
5 ligand required for binding to the ADA binding-site of CD26 
(named the "functional components") with at least one other 
molecule such as a toxin, enzyme, marker, transport protein, 
synthetic or natural polymer, medicines etc. 

Furthermore the term "functional derivatives" 

10 comprises chimeric antibodies, such as humanized antibodies 
and also by specific antibodies. The latter have two 
different antigen binding-sites and thereby specificities. 
At least one specificity is always directed towards the 
adenosine deaminase binding- site of CD26 while the other 

15 specificity can be directed towards any desired antigen. 
Here is understood other plasma membrane proteins such as 
CD12, CD3, CD8, CD4, markers, such as radioactive, 
fluorescent or magnetic resonance markers but also 
medicines, toxins and all other conceivable molecules which 

20 would be able to be functional in combination with CD26. 

The ligands according to the invention can find a 
therapeutic application in the so-called "targeting". 
Targeting is used for bringing effector cells, medicines, 
toxins, imaging markers, natural and synthetic polymers etc. 

25 for example to the CD26+ cells. 

A bispecif ic antibody which apart from the 
specificity for CD26 also contains a specificity for CD12, a 
marker for Natural Killer (NK) cells, will bring NK-activity 
to the target cell (CD26+) . The adapted combination of CD26 

30 and CD3 can cause proliferation of T-cells. Bispecif ic 
antibodies directed against both CD26 and CD8 can induce 
cytolysis of the cell concerned while due to the specificity 
for CD26 and CD4, the attachment and entry of HIV in target 
cells can be prevented. 

35 The common characteristic of the ligands according 

to the invention and all the functional derivatives thereof 
is the specificity for the ADA binding-site of CD26. In the 
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claims under the term "ligand" is also understood all the 
functional derivatives thereof. 

The invention shall further be exemplified by 
reference to the following examples which are not however 
5 meant to limit the invention in any way. 

EXAMPLE 1 

ADA-bindincr on the lymphocyte surface 

10 1. Introduction 

Some monoclonal antibodies which are specific for 
CD26, exhibit co- stimulating activity for TcR/CD3 induced T- 
cell activity (11, 12) . De DPP-IV-activity of CD26 plays an 
important role, not only in CD26 mediated co- stimulation, 

15 but also in IL-2 -production after different stimuli (13-15) . 
The expression of CD26 on the surface (16) and the specific 
DPP-IV-activity (17) is increased after T- cell -activation. 
The functional importance of the CD26 antigen and its DPP- 
IV-activity in the T-cell-activation cascade, together with 

20 the apparently essential role of ADA in the development of 
normal immune responses, has brought the inventors to 
examine different aspects of the interaction between ADA and 
the lymphocytic CD26/DPPIV. In this way the binding of the 
monoclonal antibody anti-TA5.9 according to the invention, 

25 which is directed against CD26, and a few other anti-CD26 
monoclonals, to different lymphocyte subsets has been 
compared with the surface expression patterns of ADAbp. 
Apart from this, the influence of ADA on the interaction 
between CD26 and the monoclonal antibodies, which recognize 

30 differing epitopes on the CD26, were studied. Furthermore, 
an analysis was carried out as to the effect of ADA on DPP- 
IV-enzyme activity. Moreover, the direct binding of pure 
CD26/DPP IV to immobilized ADA was proved. Finally the 
influence of ADA on CD26 surface expression was analyzed. 
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2. Materials and methods 

2*1 The preparation of monoclonal antibody anti-TA5.9. 

The monoclonal antibody anti-TA5.9 is produced by 
the hybridoma cell line anti-CD26- (TA5 . 9-CC1-4C8) , which on 
5 November 4, 1993 was deposited at the European Collection of 
Animal Cell Cultures, Salisbury, GB, under the deposit 
accession number ECACC 93110419. The hybridoma cell line, 
here after referred to with the name LY12.CC1, was obtained 
in the manner described below. Information about these known 

10 techniques may be found in J. Eryl Liddell & A. Cryer, "A 
practical guide to monoclonal antibodies", John Wiley & Sons 
(1991) , for example. 

The immunization took place by the intraperitoneal 
injection of BALB/c-mice with PHA stimulated human 

15 peripheral blood mononuclear cells. Complete cells were used 
suspended in PBS, without the addition of an adjuvant. 

The hybridomas were produced by fusing spleen 
cells of the immunized mice with SP2/0-AG14 myeloma cells 
using PEG as the fusing promotor. The hybridomas were 

20 selected by growing them on HAT-medium. 

Thereafter the hybridomas were screened on the 
production of antibodies which were specific for human 
mononuclear cells activated with PHA. All the screening 
tests were carried out by means of f low- cytometry . In the 

25 first screening test, the antibody reactivity of the cells 
stimulated with PHA was measured. Antibodies which exhibited 
a strong reactivity in this first screening were again 
tested in the second screening test for binding to resting 
human peripheral blood mononuclear cells. Antibodies which 

30 exhibited a significantly higher reactivity with the PHA 
stimulated cells in comparison with resting cells, were 
selected for further development. 

The selected hybridoma CC1 was twice cloned by 
limited dilution. Microtiter wells which contained a single 

35 growing cell colony were retested in the same screening 
procedure. Clone LY12.CC1 was chosen for further 
proliferation and antibody production. The antibodies were 
produced in the ascites liquid of the BALB/c-mice which were 
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injected with cells from the LY12.CC1 clone. By means of 
affinity chromatography on protein A Sepharose, monoclonal 
antibody was purified from the ascites fluid. 

The binding characteristics of the monoclonal 
5 antibody LY12.CC1 with different types of cells, was tested 
by f lowcytometry . The antibody exhibited a high reactivity 
with all the tested preparations of human peripheral blood 
mononuclear cells stimulated with PHA. Up to 98% of these 
cells reacted positively. On the contrary, resting human 

10 peripheral blood mononuclear cells generally exhibited a 
weaker reactivity with this antibody, while a clear 
differentiation between the populations of a positive of 
negative reacting cells was detected. Furthermore, 
simultaneous two color cytometric analysis showed that the 

15 positive reacting cell population of the resting mononuclear 
cells, consisted of a subpopulation of T-cells including CD4 
positive an CD8 positive T-cells. Similar studies showed 
that this antibody did not react with the T-cell activation 
markers CD25 (IL2- receptor) , CD71 (transferrin receptor) or 

20 HLA-DR. Subtyping disclosed that the antibody was a mouse 
IgGl monoclonal antibody. 

2.2 Cell preparation and FCM-analysis 

Human Peripheral Blood Mononuclear Cells (PBMC) 

25 were isolated from blood made oncoagulatable with EDTA, by 
density gradient- centrifugation on Ficoll-Paque, such as 
described earlier (18) . The PBMC were harvested for 4 days 
on a density of 0,5 x l0 6 /ml in RPMI- 1640 -medium suppleted 
with 10% PCS, glutamine and antibiotic (further called 

30 "complete medium") in the presence of 0.5 pg/ml PHA 
(phyt ©hemagglutinin, purified quality from Wellcome, 
Dart ford, England) . 

Indirect immunofluorescence- staining of washed 
PBMC, which were harvested or originated from complete 

35 blood, was carried out in PBS with 1% BSA, 0.05% sodium 
azide, using the anti-CD26 antibodies anti-Tal (Coulter, 
Hialeach) , anti-BT5.9 (obtained from Dr. Corte, Genua, 
Italy) and the anti-TA5.9 according to the invention. Apart 
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from this, the anti-ADABp-raonoclonal URO-4 (clone S-27) from 
Signet Laboratories, Dedham, MA, was used. After incubation 
of the specific monoclonal antibodies for 20 minutes at 4°C, 
the cells were twice washed and the F(ab') 2 (produced in 
5 goat en directed against mouse IgG) that was supplied with 
FITC or PE (Tago, Burlingham, Ca) was added during an other 
20 minutes at 4°C. In the case of complete blood samples, 
the red blood cells were lysated before washing and fixating 
of the cells. The samples were analyzed on a FACScan flow 

10 cytometer (Becton Dickinson, Erembodegem, Belgium) . For 
direct immunofluorescence, FITC and PE conjugated in 
monoclonal antibodies from Becton Dickinson (apart from 
anti-TA5.9-FITC) were used. The samples were incubated and 
lysated for 20 minutes at 4°C, washed and fixed as described 

15 above. As a control, iso-type monoclonal antibodies with a 
known specificity were used. 

Two color experiments with one non- conjugated and 
one conjugated specific monoclonal antibody were carried out 
as follows. The samples were incubated (20 minutes, 4°C) 

20 with a non- conjugated monoclonal antibody and washed. F (ab§) 
(produced in goat directed against mouse- IgG) labeled with 
FITC or PE was added thereto during a further 20 minutes at 
4°C. After washing the free binding-sites on cell bound 
goat -anti-mouse- fragments were blocked with 5 jxl of mouse 

25 serum. Finally the directly conjugated monoclonal antibody 
was added for a last incubation and washing cycle. The 
samples were treated as described above. 

2.3 Influence of ADA on FCM-analysis and expression of 

30 lymphocytic CD26/DPP IV. 

The influence of ADA on the binding of anti-CD26 
monoclonal antibodies on the lymphocyte surface was tested 
by pre -incubation of stimulated PBMC or washed complete 
blood with differing amounts of bovine adenosine deaminase 

35 (type V, Sigma, Bornem, Belgium) for 30 minutes at room 
temperature in PBS with 1% BSA and 0.05% sodium azide. 
Thereafter the cells were twice washed with the same buffer. 
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Following this, indirect or direct staining of the cells was 
carried out as described above. 

In order to study the downregulatioh of CD26 
expression on the surface by ADA, the PBMC were freed from 
5 contaminating monocytes (by attachment to polystyrene 
plates) and incubated in complete medium at 37 °C for 
different periods of time (2, 4, 8 and 24 hours) in the 
presence or absence of bovine-ADA (0.5 to 50 /zg/ml) or anti- 
TA5.9 according to the invention (0.5 to 50 /ig/ml) . In a 

10 first series of experiments, ADA and the anti-TA5.9 

monoclonal antibody were added in solution, and in a second 
series they were immobilized on polystyrene plates. After 
incubation, the samples were cooled on ice and indirectly 
stained with anti-Tal monoclonal antibody as described 

15 above . 

2.4. Interaction of ADA with purified CD26 dipeptidyl 
peptidase IV. 

In order to study the influence of ADA on the 

20 enzymatic activity of DPP IV, bovine-ADA (0,02-1.7 /xg/ml 
agree with 2-180 mU/ml) was incubated for one hour at 37 °C 
with purified human dipeptidyl peptidase IV. Thereafter the 
DPP IV- activity was measured with using the fluorogenic 
substrate Gly-Pro-4-Methoxy-2-Naphtylamide such as described 

25 elsewhere (19) . In order to study the effect of ADA on the 
interaction between purified DPP IV and immobilized 
monoclonal antibodies (20), anti-CD26 monoclonal antibodies 
(anti-Tal, anti-TA5.9 according to the invention, anti- 
BT5.9, 134-2C2 and anti-lF7) were spotted directly onto a 

30 strip of nitrocellulose. The 134-2C2 and anti-lF7 monoclonal 
antibodies were obtained from Dr. Plana, Barcelona, Spain 
and Dr. Morimoto, Boston, MA resp. After blocking and 
washing such as described in (20) the monoclonal antibody 
containing strips were incubated at 4°C with DPP IV which 

35 had been previously incubated with bovine ADA (1 hour at 
37 °C) . In blanc and control experiments, the strips were 
incubated in PBS -buffer or in DPP IV without ADA,, 
respectively. After incubation overnight, the membranes were 
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washed twice with 20 mmole/1 Tris-HCl, pH 7.4 with 1 mole/l 
NaCl and the DPP . IV bound was fluorometrically measured as 
described in (20) . 

The interaction between ADA and purified 
5 dipeptidyl peptidase IV was further investigated using 
affinity chromatography. ADA from calf intestines (type VI, 
Sigma) was coupled to CNBr-Sepharose 6B (Sigma) in a 
concentration of 5 mg/ml gel, as described by the supplier. 
The columns were equilibrated with 20 mmole/1 Tris-HCl, pH 

10 7.4 with 0.5 mole/1 NaCl in order to avoid a-specific 

binding. Preparations of purified DPP IV (100 mU) , alone or 
previously incubated (1 hour at room temperature) with an 
excess of mouse- IgGl with a non relevant specificity, anti- 
Tal monoclonal antibody, URO-4 monoclonal antibody or anti- 

15 TA5.9 monoclonal antibody according to the invention, were 
mounted on to the ADA-Sepharose column. The binding of 
. CD26/DPP IV was measured by determining the DPP IV activity 
in the non-bound fraction. In order to control a-specific 
interactions with the carrier, the same preparations were 

20 loaded on blocked CNB4-Sepharose 6B. 

3 . Results and discussion 

3.1 The binding profiles of anti-ADAbp monoclonal antibodies 
and anti-CD26 monoclonal antibodies on lymphocyte subsets 

25 are analogous. 

The monoclonal antibody URO-4 , produced against a 
human cancer kidney cell line, recognizes the adenosine 
deaminase binding protein from human proximal tubular cells, 
fibroblasts and HepG2 cells (21, 22) . In order to further 

30 examine the reported analogy or identity between ADAbp and 
CD26, the monoclonal antibody URO-4 was introduced into flow 
cytometric analyses of complete blood or PBMC. Both sources 
gave similar results. As demonstrated in figure 1, the 
reactivity patterns of URO-4 on different lymphocyte subsets 

35 (CD4+ and CD8+ lymphocytes and (not shown) CD19+ and 

CD16/56+ lymphocytes) were completely comparable to those 
obtained with anti-CD26 monoclonal antibodies anti-Tal and 
anti-TA5.9 according to the invention. With the antibody 
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anti-TA5.9, information about the CD26 expression on T-cell 
subsets was obtained. Roughly 50% of the CD5 positive cells 
appeared to express membrane-bound ADAbp (23) . Simultaneous 
staining with URO-4 and anti-TA5.9 monoclonal antibodies 
5 showed that both antibodies bind to the same cells (fig. 2) . 
This indicates that ADAbp and CD26/DPP IV are identical. 

3.2 ADA blocks the binding of anti-TA5.9, but not that of 
anti-Tal, to CD26 on the surface of the lymphocytes. 

10 Pig- 3 shows the influence of ADA on the 

fluorescent profile of anti-TA5.9 and anti-Tal monoclonal 
antibodies. ADA strongly inhibits the binding of anti-TA5.9 
to the surface of both resting and stimulating lymphocytes. 
The binding of anti-Tal and URO-4 monoclonal antibodies was, 

15 however, not reduced by ADA (results not shown) . The results 
indicated that ADA binds to or near the TA5.9 epitope of 
CD26. The Tal epitope (of which it is reported that it 
reacts with the HIV-1 regulation protein TAT (24)) did not 
appear to be related with ADA binding to the lymphocyte 

20 surface. Earlier observations that the binding of ADA to 
kidney ADAbp did not inhibit the immunoprecipitation of 
ADAbp by URO-4 (21) are in accordance with our experiments 
where no influence of ADA on the binding of URO-4 to 
lymphocyte CD26 was detected. 

25 

3.3 ADA strongly reduces the binding of purified DPP IV to 
immobilized anti-TA5.9, but not to anti-IF7 and anti-Tal 
anti-CD26 monoclonal antibodies. 

Apart from the flowcytometric analyses, binding 
30 studies were carried out on the soluble DPP IV and DPP 

IV/ADA- complexes and the immobilized monoclonal antibodies 
such as outlined out in Materials and Methods. Complex- 
forming with ADA destroyed the binding of DPP IV and anti- 
TA5.9 almost completely, whilst a slight or no effect was 
35 seen on the binding to anti-Tal and anti-IF7 monoclonal 
antibodies (data not shown) . These results confirm that 
anti-TA5.9 is specific for the epitope on CD26, which is 
related to ADA-binding. 
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3.4 Anti-TA5.9 inhibits the binding of purified CD26/DPP IV 
to immobilized ADA. 

The affinity chromatography experiments directly 
showed the interaction of CD26/DPP IV with ADA and the 
5 relation of the TA5.9-epitope in the binding between these 
two molecules. When CD26/DPP IV was alone loaded on an ADA- 
Sepharose 6B, 100% of the enzyme was binding to the column. 
CD26/DDP IV preparations which were incubated with anti-Tal 
or URO-4 monoclonal antibodies, were both binding for more 

10 than 85%. However, the anti-TA5.9 monoclonal antibody 
lowered the binding of CD26/DPP IV to immobilized ADA 
strongly to less than 20% of the quantity produced. This 
phenomenon was not caused by the a- specific binding of free 
anti-TA5.9 monoclonal antibody to ADA because in a control 

15 experiment 100% of the FITC labeled anti-TA5.9 monoclonal 
antibody on a ADA-Sepharose 6B column was found in the non 
bonded fraction. 

3.5 ADA did not inhibit the DDP IV enzymatic activity. 

20 In order to be confirm and extend the finding on 

the binding of ADA to CD26/DPP IV the effects of ADA on DPP 
IV enzymatic activity were studied. No decrease in Gly-Pro- 
4-methoxy-2-naphtylamide hydrolysis was found in DPP IV 
after incubation with varying concentrations of ADA (results 

25 not shown) . 

3.6 ADA does not modulate the CD26 surface 

The ability of ADA to cause downregulation of CD26 
expression on the cell surface, was invetsigated by analysis 

30 thereof after incubation of cells with varying 

concentrations of ADA for differing time intervals. 
Modulation of CD26 by anti-TA5.9 was carried out as a 
positive control. The results are shown in fig. 4.. After 
incubation with anti-TA5.9, the expression of CD26 on the 

35 surface began to decrease within two hours incubation time. 
High concentrations of anti-TA5.9 monoclonal antibody 
induced a quicker reduction in CD26 -expression. ADA was not 
capable, under any of the given circumstances, to modulate 
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CD2 6 -expression on the T-cell surface. An anti-Tal 
monoclonal antibody was used to detect CD26 on the cell 
surface, because the binding of ADA masks the TA5.9 epitope, 
but not the Tal epitope of CD26. 
5 Until now, none of the possible ligands and/or 

substrates for CD26/DPP IV showed that they could induce the 
downregulation of CD26 surface expression. Anti-TA5.9 does 
this. 

10 4 . Conclusion 

The ecto-enzyme DPP IV, which is identical to 
lymphocytic CD26 is also the ADA binding protein of these 
cells. This is an intriguing observation considering the 
known co- stimulatory effects of anti-CD26 monoclonals and 

15 considering the serious immune damage caused by ADA 

deficiency. A critical site for ADA binding to CD26/DDP IV 
which is selectively related to the epitope, which is 
recognized by the monoclonal antibody according to the 
invention anti-TA5.9 was found. The results reproduced here 

20 further show that ADA, when bound to DDP IV, forms a type 
bifunctional enzymatic complex that may be active in the 
bloodstream and in tissues. Under the experimental 
conditions used, ADA was not capable of modulating CD26 on 
the lymphocyte surface. This was surprising considering that 

25 the anti-TA5.9 monoclonal antibody which reacted with a very 
closely related or identical epitope, quickly downregulated 
the CD26-expression. 

5. Description of the figures. 

30 Figure 1 shows the binding of the anti-CD26 and 

anti-ADAbp monoclonal antibodies on CD4+ (left column) and 
CD8+ (right column) lymphocytes. Whole blood was indirectly 
stained with the anti-ADAbp monoclonal antibody URO-4 (at 
the top) , or the anti-CD26 monoclonal antibody anti-Tal (in 

35 the middle) and anti-TA5.9 according to the invention 

(below) . In all cases FITC-labeled F (ab#)2 produced in goat 
and directed against mouse-IgG was used as the secondary 
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reagent. Anti-CD4-PE (left column) or anti-CD8-PE (right 
column) was used as the second marker. 

Figure 2 shows the co-expression of anti-CD26 and 
anti-ADAbp on lymphocytes. Whole blood was stained with 
5 either PE-labeled F (ab , )2 alone produced in goat and directed 
against mouse-IgG (left) or URO-4 and PE-labeled F, t t 
produced in goat and directed against mouse-IgG. In both 
cases anti-TA5.9 was used as the secondary reagent. 

Figure 3 shows the influence of ADA on the binding 

10 of anti-TA5.9 (left) and anti-Tal (right) on the surface of 
resting PBL (above) or PHA-stittrulated PBL (below) . 2 x 10 5 
cells were incubated in the presence or absence of ADA (6 
/xg/ml) for 30 minutes at room temperature. Thereafter, the 
binding of anti-TA5.9 and anti-Tal to the lymphocyte surface 

15 was examined by indirect FCM. 

Figure 4 shows that anti-TA5.9, but not ADA, 
induces the downmodulation of CD26. PBL was incubated for 
the given time intervals (0, 2, 4 and 8 hours) in complete 
medium at 37°C, as such (above) in the presence of ADA (5 

20 fig/rol) or the absence of anti-TA5.9 (5 fig/ml) (below). 
Thereafter CD26 was visualized on the cell surface by FCM 
and using the anti-Tal and PE-labeled F (ab , )2 produced in goat 
and directed against mouse-IgG. 

25 EXAMPLE 2 

Diagnostic determinations 
1 . Introduction 

Hereinbelow are described two assays for the 
determination of CD26 in serum en seminal plasma. On the one 

30 hand that is a fluorometric assay based on the protease- 
activity of DPP IV and on the other hand it is a sandwich- 
ELISA. The first step in both tests is based on the capture 
of CD26 by the monoclonal antibody anti-TA5.9 according to 
the invention. The fluorometric assay is a functional 

35 determination measuring the proteolytic activity of the 
captured CD26 with a fluorogenic substrate. The ELISA 
determines the immunoreactive quantity of the soluble 
homodimer CD26. 
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2. Fluorometric assay for the determination of CD26. 

2.1 Introduction 

In the fluorometric assay, the activity of CD26 in 
serum or seminal fluid is measured. The CD26 is captured by 
5 the anti-TA5.9 applied to an adapted carrier. After washing 
away the unbound material, a fluorogenic substrate Gly-Pro- 
7-amino-4-methoxy coumarin is added and split by the bound 
CD26 in order to free a fluorescent molecule, in this case 
7~amino-4-methoxy-coumarin. This last molecule can be 
10 directly measured (see fig. 5) . 

2.2 Method 

Non- transparent microtiter plates of Nunc 
(Denmark), were covered with anti-TA5.9 (overnight at 4°C in 

15 a carbonate buffer, pH 9.6, 3 /xg/ml) . Remaining free binding 
sites, were blocked the following morning with 3% BSA in PBS 
pH 7.2. A pool of 10 different seminal fluids was made as a 
reference standard and dissolved in human albumin matrix 
(SOPP, Belgium Red Cross) . The DPP IV activity of this 

20 reference standard was determined according to the method 
described in reference 19. 

The reference standard was diluted in SOPP to 25 
mU/ml, 2.5 mU/ml and 0.5 mU/ml . A series of dilutions was 
made from the seminal liquid from 100 x to 10.000 x. 

25 100 fil of standard and test samples were placed in 

the wells of the microtiter plates. Incubations were carried 
out for two hours. A substrate stock solution of Glyco-Pro- 
7-amino-4-methoxy coumarin (20 mmol/1 in DMSO) was diluted 
12 times in incubation buffer (50 mM Tris-HCl, pH 8.3) . 

30 Thereafter the plates were washed 5 times with PBS pH 7.2 
buffer with Tween 80. Following this, 100 fil of the diluted 
substrate solution was added to each well. Incubation was 
then carried out for one hour at 37°C. The reaction was 
stopped by the addition of 100 /il 1M citrate pH 4.0 to each 

35 well. The intensity of the fluorescence signal was 

determined in a Fluoskan instrument at 355 nm and 425 nm. 
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2.3. Results 

The results of a population study, carried out on 
a series of 48 healthy blood donors with the fluorometric 
assay for CD26, are represented in fig. 5. 

5 

3. EL ISA for the detection of CD26 

3.1. Introduction 

Microtiter plates were coated with the anti-TA5.9 
monoclonal antibody for capturing CD26 from the sample. 

10 After washing away the non-bound material, the bound 
homodimer CD26 was detected by biotinylated anti-TA5.9 
monoclonal antibody and streptavidin-HRP. The HRP 
(horseradish peroxidase) reacted with H 2 0 2 and the 
chromogenic tetramethylbenzidine (TMB) . This resulted in a 

15 blue reaction product which underwent a change of color to 
yellow after stopping the substrate reaction with 2M H 2 S0 4 . 
See fig. 6. 

3.2. Method 

20 The reference standard (see under 2.2) was diluted 

in SOPP to 25 mU/ml, 2.5 mU/ml and 0.5 mU/ml. The seminal 
fluid, which was used as the test sample, was serially 
diluted from 100 x to 10.000 x. 100 fil of standard- and test 
samples were placed in the wells and incubated for two hours 

25 at 37°C. Thereafter the plates were washed 5 x with a wash 
solution (PBS-buffer, pH 7.2 with 82). 100 /xl of the 
biotinylated conjugate was then added to each well. The 
biotinylated antibody was diluted in TBS-buffer, pH 7.2 with 
0.1% Tween 20 and 2.5% BSA. The buffer in which the 

30 biotinylated monoclonal antibody is diluted, contains then 
25 iig/xnl of mouse-IgGl. After an incubation of 1 hour at 
37 °C, the plates are washed 5 x with wash solution. 
Thereafter 100 (il streptavidin-HRP is added to each well. 
The streptavidin is diluted in the same way as the 

35 biotinylated antibody. After an incubation of 20 minutes at 
37°C, the plates are washed 5 x with wash solution, after 
which 100 {il of H 2 0 2 substrate solution and 100 jzl of 
chromogenic solution (TMB, tetramethyl benzidine) is added 



WO 95/12618 



PCT/EP94/03632 



18 

to each well. After an incubation of 20 minutes at 37°C the 
reaction is stopped by addition of 50 /xl stopping buffer. 
Finally the absorption was determined at 450 nm. 

5 3.3. Results 

The results for 245 serum samples of healthy blood 
donors between 18 and 65 years, were analyzed. The results 
are shown in the graph of figure 7. 

Apart from this 55 seminal plasma samples were 
10 analyzed. The results are shown in the graph of fig. 8. 

4. Enzyme -immunoassay (EIA) for determining adenosine 
deaminase in biological fluids. 

15 4.1. Introduction 

Due to the specific recognition of ADA-binding 
sites on CD26 by TA5.9, the monoclonal can, in combination 
with ADA- free CD26, which, either directly or via 
immunocapatation is immobilized onto a solid carrier, be 

20- used for determining adenosine deaminase in biological 
fluids by means of an inhibition test. 

4.2. Method 

Transparent polystyrene microtiter plates (Nunc, 
25 Denmark) are coated overnight at 4°C with anti-CD26 by 
incubation with a solution of 3 /xg/ml anti-TA5.9 in 
carbonate buffer, pH 9.6. The remaining free binding sites 
are blocked the next morning with 3% BSA. 

A reference preparation, which contains 50 mU/ml 
30 CD26, was prepared in a human albumin matrix SOPP (Belgian 
Red Cross) . A series of standards was also made with bovine 
adenosine deaminase EC3.5 4.4 (Sigma A-1155) which contained 
0 U/ml, 1 U/ml, 10 U/ml and 100 U/ml ADA, respectively. 

The inhibition EIA is carried out as follows. In a 
35 first step, 100 fil of the ADA-standards (0,1, 10 and 100 
U/ml) are placed in the wells of the microtiter plate. 
Incubation is carried out for one hour at 37°C. Thereafter 
the plate is washed 5 x with PBS-buffer, pH 7.2. In a second 
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step 100 jil of a biotinylated TA 5.9 conjugate, which is 
diluted in PBS-buffer pH 7.2, is added with 0.1% Tween 20 
and 2.5% BSA. After incubation for one hour at 37°C, the 
plates are washed 5 x with washing buffer. Thereafter 100 fil 
5 of streptavidin-HRP is added to each well. The streptavidin- 
HRP is diluted in the same way as the biotinylated antibody. 
After incubating for 20 minutes at 37°C the plates are again 
washed 5 x with washing solution after which 100 fil of a 
H 2 0 2 substrate solution and 100 fil chromogenic reagent (TMB) 
10 is added to each well. After incubating for 20 minutes at 
37°C the reaction is stopped by the addition of 50 fil 2 N 
H 2 S0 4 . Finally the optical density of the solution is 
determined at 450 nm. 

15 4.3. Results 

The results of a standardization example of an 
ADA- concentration assay by means of inhibition EIA are 
represented in figure 16. 

20- EXAMPLE 3 

In vitro qp-gtimulatjng properties of the a nti-CD26 
monoclonal antibody an fci TA5.9 
1 . Introduction 

Various plasma membrane proteins are related to T- 

25 cell activation. It is known that apart from the classical 
T-cell receptor- CD3 -complex, dependending on the 
experimental conditions, the triggering of CD2, CDS and CD28 
can contribute to T-cell activation. It is suspected that a 
co-mitogenic effect for the stimulation of CD4+ T-cells also 

30 exists for anti-CD26 monoclonal antibodies. In this example 
this effect of the anti-TA5.9 monoclonal antibody according 
to the invention on CD26-CD3 mediated activity of purified 
CD4+ and CD8+ T-cells is investigated. This way it is 
possible to compare the in vitro effects of anti-TA5.9 on 

35 CD4+ T-cells with other anti-CD26 monoclonal antibodies and 
to investigate the effect of CD26 triggering on CD8+ T- 
cells. 
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2. Method 

The activation and proliferation of CD4+ and CD8+ 
T-cells were monitored via determining DNA-synthesis on the 
one hand and the expression of the activation markers on the 
5 cell surface on the other hand. 

Human CD4+ and CD8+ T-cells were purified from 
peripheral blood (EDTA as anti- coagulant) by isolating PBMC 
via Ficoll-Paque density gradients, removing monocytes by 
adhering them to polystyrene petri-dishes (for 2 hours at 

10 37°C), the positive selection of CD8+ T-cells by means of an 
immuno-magnetic carrier and the positive selection of CD4+ 
T-cells from the remaining cell population, also via an 
imrmino-magnetic carrier. The purified cell populations from 
each donor were stimulated parallel and under identical 

15 conditions in the presence of the following immobilized 
stimuli: 

(1) Control monoclonal antibody (anti-MHC class I 
monoclonal antibody) 

(2) anti-CD3 (OKT3) monoclonal antibody and 
20 control monoclonal antibody 

(3) anti-CD26 monoclonal antibody (TA5.9 or TAD 

(4) anti-CD3 and anti-CD26 monoclonal antibody 
(TA5.9 or TAD 

The expression of the activation marker CD69, 
25 CD25, CD71 and HLA-DR on CD4+ and CD8 + T-cells was 

determined at different moments during the activation. Their 
CD45R0+ (memory) and CD45R0- (naive subsets) were also 
determined flow cytometrically (FACScan) . The cell 
proliferation was measured by means of 3 H-thymidine 
30 incorporation (in quadruplicate) after 5 days. The cell 
populations obtained have an average purity of 96% for the 
CD4+ T-cells and 95% for the CD8+ T-cells. 

3 . Results 

35 The anti-CD26 monoclonal antibodies Tal and TA5.9 

cannot produce any proliferation on their own.. The 
immobilized anti-CD3 alone in some individuals caused a 
significant proliferation of CD8+ T-cells but never of CD4+ 
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T-cells. A co- stimulation via CD26 (TA5.9 or Tal) involves a 
strong proliferation of CD4+ and CD8+ T-cells. Cyclosporin 
blocks the T-cell proliferation which is caused by the CD3- 
CD26 - co- stimulation . 
5 The expression of the activation markers on CD4+ 

and CD8+ T-cells is as follows: 

Anti-CD3 induced a significant expression of CD69 
on purified CD8+ T-cells, whilst for the CD4+ T-cells, only 
a small and late increase is to be seen. In a similar 

10 manner, but less clearly, the activation markers CD25, and 
in some individuals also CD71, are expressed on CD8+ T-cells 
but not on CD4+ T-cells after anti-CD3 stimulation. An 
important co-stimulating effect of anti-CD26 monoclonal 
antibodies (Tal and TA5.9) is observed on the CD3 mediated 

15 activity. The expression of CD69 on CD4+ and CD8+ T-cells is 
within 24 hours after the start of this co-stimulation at 
the most. The expression of CD25 and CD71 also increases to 
more than 90% positive cells after 72 hours and this is also 
the case for the CD4+ and the CD8+ T-cells. 

20 Considering the expression of activation markers 

on CD45R0+ and RO- subsets of CD4+ and CD8+ T-cells, the 
following has been found. After stimulation of CD8+ T-cells 
with anti-CD3, CD69 is expressed on both the CD45R0+ and 
CD45RO- subsets. This expression is however twice as high on 

25 the CD45RO+ CD8+ T-cells in comparison to the CD45RO- CD8+ 
T-cells. CD25 is mainly expressed on CD45RO+ CD8+ T-cells. 
Co- stimulation via CD26 results in a comparable increase of 
CD69 and CD25 expression both on memory and naive CD4+ and 
CD8+ T-cells. The up-regulation of CD25 occurs much quicker 

30 on the CD45R0+ cells. 

Another much used parameter of T-cell activity is 
the expression of HLA-DR. Under control conditions the HLA- 
DR within the CD4+ T-cells is almost exclusively present on 
the CD45RO+ subsets. Within the CD8+ cell population HLA-DR 

35 is mainly, but not exclusively, present on the CD45R0+ 

cells. The up-regulation of HLA-DR expression on the CD4 and 
CD8+ T-cells after CD3-CD26 co- stimulation, occurs quicker 
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and is more apparent on the CD45RO+ subset of both T-cell 
populations. 

4. Conclusion 

5 It can generally be assumed that a strong co- 

stimulating effect is observed of anti-CD3 and anti-CD26 
monoclonal antibodies on purified CD4+ and CD8+ T-cells. The 
expression of activation markers is more accelerated on CD8+ 
in comparison with CD4+ T-cells and on CD45RO+ with respect 
10 to CD45RO- subsets. The co- stimulatory effect of anti-TA5.9 
is in general clearly higher than that of anti-Tal. 

5. Description of the figures 

In figure 9a the co- stimulation of purified CD8+ 

15 and CD4+ T-cells by 1 iig/xal immobilized anti-CD3 (0KT3) in 
combination with a control monoclonal (open blocks) or anti- 
TA5.9 (hatched blocks) respectively, is shown. Figure 9b 
gives result for 10 fig/ml 0KT3. 

Figures 10 and 11 give again the co-stimulation of 

20 purified CD4+ and CD8+ T-cells by 1 /xg/ml (a) and 10 jig/ml 
(b) immobilized anti-CD3 (OKT3) respectively in combination 
with a control monoclonal (open blocks), anti-TA5.9 (hatched 
blocks) , or anti-Tal (stippled blocks) respectively. 

Figures 12-15 show the expression of activation 

25 markers after CD3 stimulation and CD3-CD26 co-stimulation of 
purified CD4+ and CD8+ T-cells. At the given times, the 
expression of the activation- antigen (x-axis, FITC- 
fluorescence) is determined on the CD45RO+ and CD45R0- cells 
(y-axis, PE-f luorescence) with the aid of direct 

30 immunofluorescence. 

The table gives a summary of the expression of 
activation markers on the different T-cell subsets after 
CD3-CD26 co-stimulation. 
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CLAIMS 

1. Ligand or a functional derivative thereof, with 
at least one specificity for the adenosine deaminase (ADA) 

5 binding- site of CD26. 

2. Ligand according to claim l r characterized in 
that it is a monoclonal antibody. 

3 . Monoclonal antibody or functional derivative 
thereof, produced by the hybridoma cell line anti-CD26- 

10 (Ta5 .9-CC1-4C8) having the deposit accession number ECACC 
93110419. 

4. Ligand according to the claims 1-3, 
characterized in that the functional derivative is a F^-, 
F ab-~' F ub)2~' a scF v of F v -fragment of the monoclonal 

15 antibody. 

5. Ligand according to claims 1-3, characterized 
in that the functional derivative is a chimeric antibody. 

6. Ligand according to claim 1, characterized in 
that it is a modified version of adenosine deaminase. 

20 7. Ligand according to claims 1-6, characterized 

in that the functional derivative is a conjugate between the 
ligand or a functional component thereof and a secondary 
molecule. 

8. Ligand according to claim 7, characterized in 
25 that the secondary molecule is selected from the group 

consisting of toxins, enzymes, medicines, radioactive 
markers, florescent markers, magnetic resonance markers, 
proteases, synthetic and natural polymers. 

9. A monoclonal antibody according to claims 1-4, 
30 characterized in that the functional derivative is a 

bispecific antibody or functional component thereof. 

10. Ligand according to the claims 1-9 for use as 
a therapeutic agent for stimulating proliferation of T- 
lymphocytes . 

35 11. Ligand according to claims 1-9 for use as an 

immunosuppressing agent. 

12. Ligand according to claims 1-9 for use as a 
diagnostic agent in immuno-enzymatic assays. 
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13. Ligand according to claims 1-9 for use as a 
diagnostic agent for monitoring malignantly transformed 
melanocytes . 

14. Ligand according to the claims 1-9 for use as 
5 a diagnostic agent in imaging- techniques . 

15. Ligand according to the claims 1-9 for use as 
a therapeutic agent against HIV- infection. 

16. A Hybridoma cell line anti-CD26 (TA5.9-CC1-4C8) 
having the deposit accession number ECACC 93110419. 
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